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Abstract 
 
Today, The need for information continues to grow as advances in the world of 
technology and information. Information technology is getting almost inseparable from 
life, whether corporate, government, entertainment, etc. The one of the most technology 
used in recent years is multilevel inverters. The usage of these applications has become 
more diverse and affects a wide field of electrical engineering from a few watts to several 
hundred megawatts. One of the most multilevel inverters used nowadays is diode clamped 
multilevel inverters. The diode clamped inverter, particularly the three-level one, has 
drawn much interest in motor drive applications because it needs only one common 
voltage source. Also, simple and efficient PWM algorithms have been developed for it, 
even if it has inherent unbalances dc-link capacitor voltage problem. In this thesis author 
has designed a 3-phase 5-levels diode clamped multilevel inverter using MATLAB 
Simulink and MOSFET as the switching device and PWM technique as the pulse 
generator, then comparing the MOSFET and transistor as switching device. Based on 
simulation results, design of 3-phase 5-levels diode clamped multilevel inverter system 
has a good performance by using MOSFET as switching device than using IGBT and also 
has smooth signal after filtered by 2nd order low pass filter. 
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INTRODUCTION 
 
Today, the development of tech-
nology is growing. The need for informa-
tion continues to grow as advances in the 
world of technology and information. 
Information technology is getting almost 
inseparable from life, whether corporate, 
government, entertainment, etc. The one 
of the most technology used in recent 
years is multilevel inverters. Nowadays, 
multilevel inverters have become more 
attractive for their initial usage in high-
voltage and high-power applications. 
Multilevel converters (or inverters) have 
been used for AC to DC, AC to DC to 
AC, DC to AC and DC to DC power 
conversion in high power applications 
such as utility and large motor drive 
applications [Wanjekeche D.V., Jimoh A. 
Nicolae, 2009]. 
A multilevel inverter is a power 
electronic converter built to synthesize a 
desired AC voltage from several levels of 
DC voltages which the DC levels were 
considered to be identical in that all of 
them were batteries, solar cells, capa-
citors, etc [Lai J.S., and Peng F.Z., 1996]. 
The multilevel inverter has gained much 
attention in recent years due to its 
advantages in lower switching loss better 
electromagnetic capability, higher voltage 
capability, and lower harmonics [Corzine 
K.A., Wielebski M. W., Peng F. Z., and 
Wang J, 2004]. 
The usage of these applications has 
become more diverse and affects a wide 
field of electrical engineering from a few 
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watts to several hundred megawatts. 
Converting static structures that comprise 
mainly applications increasingly power-
ful, the technology has had to adapt to the 
growth of the power to convert [Omar R, 
Rasheed M., Sulaiman M., Al-Janad A, 
2014]. Multilevel inverters have three 
topologies. The first one is Diode-Clamp-
ed Multilevel Inverters, The second one is 
Flying Capacitors Multilevel Inverters, 
and the last one is Cascaded H-bridge 
Multilevel Inverters. 
The diode clamped inverter, 
particularly the three-level one, has drawn 
much interest in motor drive applications 
because it needs only one common 
voltage source. Also, simple and efficient 
PWM algorithms have been developed 
for it, even if it has inherent unbalances 
dc-link capacitor voltage problem 
[Rodríguez J, Lai J.S., Peng F.Z., 2002]. 
However, it would be a limitation to 
applications beyond four-level diode 
clamped inverters for the reason of 
reliability and complexity considering dc-
link balancing and the prohibitively high 
number of clamping diodes [Lai J.S., and 
Peng F.Z., 1996]. 
 
RESEARCH METHODS 
 
Block Diagram of 3-phase 5-levels 
Diode Clamped Multilevel Inverter 
In Figure 1 Stage in Designing 
UHF Digital Control RFID Tag System. 
We made a 3-phase 5-levels diode 
clamped multilevel inverter using ± 380 
Volts DC that taken from the battery. In 
this case battery source can be a solar 
panel, photovoltaic, thermoelectric, etc. 
DC voltage source will use as an input for 
the multilevel inverter system, which is 
will be convert to AC source voltage as 
an output. 
 
Design of 3-Phase 5-Levels Diode-
Clamped Multilevel Inverter 
The multilevel system inverter that 
used for this thesis is using diode 
clamped multilevel inverter. Which is this 
multilevel inverter system has a criteria or 
specification. Generally, diode clamped 
multilevel inverter uses IGBT as the 
switching device, with its specifications 
IGBT start to replace by other device 
such as MOSFET with better specifi-
cation and its usage for high power 
inverter system. Author made 3-phase 5-
levels diode-clamped multilevel inverter 
system, these systems are using 4 
capacitors, 4 resistors, 36 diodes, and 24 
transistors (MOSFET). As shown in 
figure 2, the system design as an elec-
tronic system. 
Then, author made a system as a 
simulation using MATLAB Simulink, as 
shown in figure 3. 
As shown in figure 3, value of dc 
voltage source is 380 V, this source 
voltage used as input of the system. It 
consists of four capacitors and four 
resistors that connected as cascade. The 
dc-bus voltage Vdc, the voltage across 
each capacitor is Vdc/4 and each device 
voltage stress will be limited to one 
capacitor voltage level Vdc/4 through 
clamping diodes. 
 
 
 
 
 
Figure 1. Stage in Designing 3-Phase 5-Levels Diode Clamped Multilevel Inverter 
  
 Ryanuargo, Setiyono, Design 3-Phase  ...                                                                                                    113 
 
 
Figure 2. Diode Clamped Multilevel Inverter Design as an electronic system 
 
 
 
Figure 3. 3-phase 5-levels Diode Clamped Multilevel Inverter 
 
 
 
Figure 4. Comparison between Sine Wave with Triangle Wave 
 
Design of Pulse Width Modulation 
Circuit 
Pulse Width Modulation circuit has 
a complex circuit. It determines the signal 
output for the inverter circuit and deter-
mines for each switches of the transistors. 
In designing PWM circuit, it compares 
the sine wave with the triangle wave. As 
shown in figure 4 the comparison bet-
ween sine wave and triangle wave with 
the comparator. 
Author has made a PWM circuit 
using MATLAB Simulink as shown in 
figure 5. The circuit uses 24 switches and 
compares the sine wave with the triangle 
wave. Each of sine waves consists of 6 
sine waves, also with the triangle waves 
consist of 12 triangle waves. 
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Figure 5. Pulse Width Modulation Circuit 
 
 
 
Figure 6. Comparison the sine wave block and triangle wave block with comparator using 
MATLAB Simulink 
 
Each block sine wave has a 
different phase. And also the frequency 
value of each block of sine wave is 50 
Hz. Then, block sine wave and triangular 
wave is compared with the comparator 
with each output transistor switches to the 
active state or off. As explained pre-
viously, the PWM circuit serves as a 
trigger signal in the inverter circuit, as 
shown in Figure 6. 
 
Complete 3-Phase 5-Levels Diode 
Clamped Multilevel Inverter Circuit 
Author just made a 3-phase 5-levels 
diode clamped multilevel inverter circuit 
using MATLAB Simulink, as shown in 
figure 3.5 the 3-phase 5-levels diode 
clamped multilevel inverter has a 
complex circuit, where these circuit uses 
1 common-dc source with value of DC 
source is 380 V. The 5-levels diode 
clamped multilevel inverter uses 4 capa-
citors, it function is charge and discharge 
input signal into the transistors. In the 
designing of 3-phase 5-levels diode 
clamped multilevel inverter, totally there 
are 36 diodes that used in this circuit and 
also there are 24 switches MOSFET 
components. As shown in figure 7 the 
complete circuit of 3-phase 5-levels diode 
clamped multilevel inverter. 
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Figure 7. Complete Circuit of 3-Phase 5-Levels Diode Clamped Multilevel Inverter 
 
 
 
Figure 8. 3-phase 5-levels diode clamped multilevel inverter using IGBT as 
switching device 
 
 
Then, author designed 3-phase 5-levels 
diode clamped multilevel inverter using 
transistor (IGBT) as the switching device. 
Same as the previous circuit using 
MOSFET, but this one is using transistor 
(IGBT). As shown in figure 8. 
 
EXPERIMENTAL RESULT AND 
ANALYSIS 
 
Line Voltage of 3-Phase 5-Levels Diode 
Clamped Multilevel Inverter Using 
MOSFET 
In designing of 3-phase 5-levels di-
ode clamped multilevel inverter, simula-
tion focused on how to produce a better 
signal output of the line voltage. The line 
voltage is the output voltage between 
phase to phase of the system, with the 
value of the voltage is 380 V ac. It 
produces signal output with different 
phases. These different phases occur 
because input modulation signal of PWM 
circuit used for input of each MOSFET 
components. It determines the form of 
output signal of line voltage. Shifting 
phase of each phase is 120 degrees. As 
seen in figure 9, output signal of line 
voltage.
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Figure 9. Output Signal of Line Voltage using MOSFET 
 
 
 
Figure 10. Output Signal of Neutral Voltage using MOSFET 
 
Neutral Voltage of 3-Phase 5-Levels 
Diode Clamped Multilevel Inverter 
Using MOSFET 
Neutral voltage of 3-phase 5-levels 
diode clamped multilevel inverter is the 
signal output of each phase. It determines 
how much the switch level of the signal 
output, determines the total harmonic 
distortion of the multilevel inverter 
system. 
In figure 10 we can see signal 
output of the second phase. On the second 
phase, signal output still hasn’t sine wave 
form, it caused by the switching device 
that used in the design of the system. 
Choosing device determines signal output 
form and also component that used in the 
system. More complex the circuit design, 
more complex output signal of the 
system. 
 
Filtered Line Voltage of 3-Phase 5-
Levels Diode Clamped Multilevel 
Inverter Using MOSFET 
Output signal of the line voltage 
will be filtered using low pass filter 
second order, the purpose is the output 
signal of line voltage has the smooth 
signals.
 
 
 
Figure 11. Output Signal of Filtered Line Voltage using MOSFET 
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Figure 12. Output from First Phase of Neutral Voltage using MOSFET 
 
 
 
Figure 13. Output from Second Phase of Neutral Voltage using MOSFET. 
  
In figure 11 we also can see the 
output voltage of each phase on the 
scope. From the scope we can analysis 
the value of voltage peak-to-peak on each 
phase of the neutral voltage. As seen in 
figure 12 the output voltage in first phase 
is ±250 Vpp. And figure 13 the output 
voltage in the second phase of neutral 
voltage is ±127 Vpp. 
The last one, output voltage in the 
third phase we can see in figure 14. As 
shown, the value of output voltage in the 
third phase of neutral voltage is ±250 
Vpp. 
From those pictures we can con-
clude that, by increasing the number of 
voltage levels the form or quality of 
output signal voltage is improved and the 
waveform becomes closer to sinusoidal 
wave. By increasing the voltage levels, 
the number of diodes and switching 
devices will increase and make the 
system more complex and also the ripples 
are very less. As seen in Table 4.1 the 
output voltage of multilevel inverter 
system. 
 
 
Figure 14. Output From Third Phase of Neutral Voltage using MOSFET 
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Table 1. Output Voltage of Multilevel Inverter 
Van (ac) Vbn (ac) Vcn (ac) Vab (ac) Vac (ac) Vbc (ac) 
250 V 127 V 250 V 380 V 380 V 380 V 
 
 
 
 
Figure 15. Output Signal of Line Voltage using IGBT 
  
We can see that the value of each 
voltage from phase-neutral of each phase 
is quite different. The output voltage of 
phase 1 to neutral (Van) is 250 V ac, the 
output voltage of the second phase to 
neutral (Vbn) is 127 V ac, and the last 
one output voltage of phase 3 to neutral 
(Vcn) is 250 V ac. Then, the output 
voltage of each phase of phase to phase 
voltage (Vab, Vac, and Vbc) is 380 V ac. 
 
Line Voltage of 3-Phase 5-Levels Diode 
Clamped Multilevel Inverter Using 
IGBT 
Next, analysis of line voltage of 3-
phase 5-levels diode clamped multilevel 
inverter using transistor. As same as line 
voltage of multilevel inverter using 
MOSFET, these line voltages are the 
output of the system between phase to 
phase (phase a-c), the value of output line 
voltage is 380 V ac. As seen in figure 15. 
the output signal of the line voltage 
multilevel inverter using transistor. 
We can see that the output signal of 
line voltage of multilevel inverter using 
transistor has a glitch there. It occurs 
transistor is used for the low power with 
the high frequency, it different if we use 
NOSFET as switching device. 
 
Neutral Voltage of 3-Phase 5-Levels 
Diode Clamped Multilevel Inverter 
Using IGBT 
Then, analysis of neutral voltage of 
multilevel inverter using transistor. As 
same as the neutral voltage using 
MOSFET, the voltage has a quite 
different output signal. As seen in figure 
4.8 the output of neutral voltage using 
transistor.
 
 
 
Figure 16. Output Signal of Neutral Voltage using IGBT 
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Figure 17. Output of Filtered Line Voltage using IGBT 
 
 
As seen in figure 16 the output 
signal of the neutral voltage has a 
different signal, and still has a glitch 
(ripple) there. The value of each phase 
determines the quality of multilevel 
inverter system. The value of phase 1 is 
220 V ac, the value of the second phase is 
120 V ac, and the value of third phase 
230 V ac. 
 
Neutral Voltage of 3-Phase 5-Levels 
Diode Clamped Multilevel Inverter 
Using IGBT 
The filtered line voltage of the 
multilevel inverter system using transistor 
is shown in figure 17. 
As seen in figure 17, the output 
signal of filtered line voltage after filtered 
using low pas filter 2nd order is still has 
glitch there. It has an impact to the 
quality of electric distribution, so multi-
level inverter using transistor has a poor 
system. 
 
CONCLUSION  
 
The output signals of the line 
voltage have different phase each other. 
The output signal of neutral line voltage 
has growth into 5-levels, but in the 
second phase got the glitch caused by the 
switching component. Comparing bet-
ween transistor and MOSFET, MOSFET 
has a good performance because it used 
for the high power with low frequency. 
But, transistor is used for the high 
frequency with low power. On the first 
phase output signal of neutral voltage is 
±250 V ac, second phase is ±127 V ac, 
and the third phase is ±250 V ac. 
However, this research Still need a fixed 
research, caused by the limit of author for 
using the software and designing the 
system. 
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